Plenty of studies have confirmed the prognostic values of inflammation-based prognostic scores in many malignant tumors. In present study, we aim to explore whether these indexes has same prognostic values in patients with stage T1N0 esophageal squamous cell carcinoma (ESCC). The clinicopathological data of 160 consecutive patients with pathological stage T1N0 ESCC from January 2005 to December 2012 were collected retrospectively. As prognostic factors, the inflammation-based prognostic scores, including C-reactive protein (CRP), Glasgow prognostic score (GPS), prognostic index (PI), neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) and CRP to albumin ratio (CAR), were evaluated. The best cut-off values were determined by the receiver operating characteristic (ROC) curves. The median follow-up time was 71.8 months. During the follow-up period, 34 (21.3%) patients occurred postoperative recurrence and 30 (18.8%) tumor-related deaths were recorded. The best cut-off values of CRP, NLR, PLR and CAR were 1.090, 1.976, 103.200 and 0.023, respectively. After multivariate analysis, the GPS and CAR were identified as independently prognostic factors for overall survival (OS) (p=0.017 and 0.040, respectively). Of all 160 individuals, there were 86 (53.8%) and 85 (53.1%) patients classified into high GPS group (1-2) and elevated CAR group (>0.023), respectively. In addition, the GPS were positively associated with PI (p<0.000) and the levels of serum CRP (p<0.000), NLR (p=0.004), PLR (p=0.029) and CAR (p<0.000) and the above correlations were also observed between the CAR and other inflammation-based prognostic scores (all p<0.050, except for p=0.054 for PLR levels). The preoperative GPS and CAR were simple, inexpensive, readily available predictor for long-term survival in stage T1N0 ESCC patients who underwent esophagectomy.
Introduction
Esophageal cancer (EC) is high incidence and mortality not just in China, which was reported as the fourth most commonly diagnosed malignant tumor and also the fourth most common cause of cancer-related death in 2015, but also in some Western and Central Asian countries [1, 2] . Notably, almost 70% of the initial visits of patients with EC were diagnosed as advanced stages (regional or distant
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International Publisher metastasis) and the five-year overall survival (OS) of this population was range from 10% to 31% even after multidisciplinary therapies [3] [4] [5] . In the past decades, with the cancer screening promoted by Chinese anti-cancer association in high incidence area of EC, more and more patients with early stage tumors are detected [1] . In spite of the ability to detect and resect these early stage tumors, but still 10%-35.9% of these patients would occur tumor-related death within five years after radical resection [4, 6] . Therefore, identifying independent prognostic factors for superficial EC (T1) is a very meaningful topic. At the same time, these risk factors could not only provide a reasonable choice in endoscopic resection (ER) or esophagectomy, but may also instruct postoperative adjuvant treatment.
Inflammation-based prognostic scores have intensively been studied in variety of malignant solid tumors and are emerging as promising prognostic indexes. However, no studies have explored the prognostic value of the above mentioned scores in patients with superficial esophageal squamous cell carcinoma (ESCC). In addition, patients with stage T1 ESCC are candidates for ER, which is recommend by guidelines from Chinese Society of Clinical Oncology (CSCO), Japan Esophageal Society (JES) and National Comprehensive Cancer Network (NCCN) etc, but the accurate prognostic markers to identify the high-risk patients who may easily recurrence after ER are essential. Furthermore, due to the majority stage T1N0 patients with ESCC owning long-term survival, only length and depth of tumor invasion, microscopic tumor budding, poor differentiation and lymphovascular invasion had been found as independent prognostic indicators for postoperative OS reported by limited literatures [7] [8] [9] [10] . Therefore, establishing other simple, inexpensive, and promising prognostic factors for superficial ESCC (T1) may seem difficult but necessary. What's more, the preoperative peripheral blood examinations are routinely preformed and readily available.
Thus, this study is focus on pathological T1N0 Chinese patients with the common pathological subtype-squamous cell carcinoma-to explore the prognostic values of inflammation-based prognostic scores.
Materials and Methods

Patient selection and Ethics statement
1994 consecutive patients with ESCC underwent esophagectomy at department of thoracic surgery, Sun Yat-sen university cancer center (SYSUCC) between January 2005 and December 2012 were enrolled in initial database. And all clinical, pathological, radiological, preoperative inflammation-based indicators, therapeutic strategy as well as follow-up information were retrospectively referred and typed into statistical software simultaneously. Of course, the written informed consents were signed by patients themselves and the hospital ethics committee in SYSUCC had approved this study based on the World Medical Association Declaration of Helsinki preparatory to our all work.
Patients were enrolled in final analysis if they met following criteria: (1) there was no neoadjuvant treatment; (2) no distant metastasis was found by preoperative radiological scanning; (3) all of the patients were given complete gross tumor resection with safety margins (R0 resection), which is defined as no microscopic involvement in the surgically resected margins, and 2-or 3-field lymph node dissection; (3) postoperative diagnosis of T1 stage ESCC (the lamina propria, muscularis mucosae or submucosa invasion) had been established by two board-certified pathologist independently and all lymph node was confirmed negative (N0).
Patients were excluded based on following criteria: (1) accompany with autoimmune disease or preoperative infection; (2)other malignant neoplasm(s) was detected before or after esophagectomy; (3) death during perioperative period; (4) without preoperative data of peripheral blood cells count; (5) loss to follow-up.
Definitions of inflammation-based prognostic scores
As previously described [11] , the Glasgow prognostic score (GPS) is simultaneously consisted by nutritional (if albumin≥3.5 mg/dl was allocated a score of 0, otherwise 1) and inflammatory conditions (if CRP≤1.0 mg/dl was allocated a score of 0, otherwise 1). In term of modified GPS (mGPS), both an abnormal CRP (>1.0 mg/l) and hypoalbuminaemia (<3.5 mg/dl) were allocated a score of 2, and only one or none of the two biochemical abnormalities was allocated a score of 1 or 0, respectively. In addition, except the cut-off value of CRP (abnormality: >0.3 mg/l), the allocation method of high-sensitivity modified GPS (HS-mGPS) was the same as the mGPS.
Differ to GPS, the prognostic index (PI) consists of two inflammatory parameters: CRP (if ≤1.0 mg/dl was allocated a score of 0, otherwise 1) and white cell count (WBC, if ≤11,000/μl was allocated a score of 0, otherwise 1). After summation of respective allocated score, these patients were divided into three groups, including 0, 1 and 2.
Other prognostic indicators are calculated by following mathematical formula: (1) neutrophil to lymphocyte ratio (NLR) = total neutrophil count / total lymphocyte count; (2) platelet to lymphocyte ratio (PLR) = total platelet count / total lymphocyte count; (3) CRP to albumin ratio (CAR) = CRP (mg/L) / albumin (g/L).
Follow-up strategy and statistical analysis
The follow-up observation was performed since the date of radical resection and the interval of every follow-up visit were every three months during the first two years, every six months since the beginning of the third year to the end of the fifth year, and then each subsequent annual. Each follow-up protocol routinely consisted of complete blood count, blood biochemical examination, common tumor markers, esophageal barium meal, head and neck ultrasonography, as well as upper abdominal ultrasonography. In addition, the thoracoabdominal contrast-enhanced CT scanning was carried out once every six months during the first three years and then once a year until death occurred in our facility. The time of disease-free survival (DFS) was calculated from the date of esophagectomy to the first local recurrence or distant metastasis observed by radiology findings. Similarly, the time interval from the date of esophagectomy to death caused by ESCC was defined as the total survival time.
All statistical analyses were performed by SPSS 23.0 (SPSS Inc., Chicago, IL, USA) and the two-sided p value less than 0.050 was defined as significantly difference in statistics, but the survival curves were constructed using GraphPad Prism 7.0 (GraphPad Software Inc., La Jolla, USA). Firstly, the best cut-off values of these inflammation-based prognostic scores were determined by maximum Youden index, which were generated by respective receiver operating characteristics (ROC) curves, to evaluate the predictive values in prognosis. In addition, the differences of categorical variables between groups were studied using chi-square test. Needless to say, the prognostic factors of DFS and overall survival (OS) were confirmed by Kaplan-Meier univariate analysis using log-rank test. And then these significantly prognostic variables (p<0.050) obtained from Kaplan-Meier analysis were enrolled in Cox multivariate regression analysis based on forward stepwise method.
Results
Clinical, pathological and surgical characteristics
There were 160 consecutive patients with ESCC diagnosed as pathological stage T1N0 enrolled, including 105 male and 55 female (median age: 59 years; interquartile range: 52 to 65 years). More than half of these patients (53.75%, 86 of 160) had smoked but a history of alcohol use was recorded only in 22 patients (13.75%). Of the 42 patients with family history of malignant tumors, 30 patients came from esophageal cancer family. The majority of these tumors (65.00%, 104 of 160) located in middle segment of the thoracic esophagus. In addition, the Sweet (transthoracic esophagectomy with two-field lymphadenectomy) and McKeown (tri-incisional esophagectomy with three-field lymphadenectomy) surgical approach were performed in 102 patients and 57 patients, respectively. The median and average count of examined lymph nodes (LNs) was 17.0 and 19.9, respectively (interquartile range: 12 to 25), and the median and average stations of examined LNs was 5.0 and 6.2, respectively (interquartile range: 4 to 7). In our cohort, only six individuals received postoperative paclitaxel plus cisplatin or nedaplatin regimen for adjuvant chemotherapy because of poorly differentiation. All the baseline characteristics are described in Table 1 . 
Best cut-off values
Prognostic factors for DFS and OS
The follow-up data were updated to 1 June 2017 and the median follow-up time was 71.8 months (interquartile range: 52.0 to 95.5 months). During the follow-up period, there were only 34 patients occurred postoperative recurrence of ESCC including 13 distant organ metastasis and 21 local recurrences, and the 1-, 3-, 5-and 10-year DFS rate were 96.2%, 85.6%, 78.7% and 74.7%, respectively. In addition, 30 cases of all 42 deaths were directly related to recurrence of ESCC, and the 1-, 3-, 5-and 10-year OS rate were 94.4%, 82.2%, 79.4% and 66.3%, respectively.
In univariate analysis, the PI 0, GPS 0, and low CRP (≤ 1.090 mg/l), NLR (≤ 1.976), PLR (≤ 103.200), CAR (≤ 0.023) were significantly correlated with longer DFS and OS (all p<0.050, Table 1 ). In addition, these patients with a history of alcohol consumption showed significantly shorter 10-year DFS and OS (DFS: 58.4% vs. 77.3%, p=0.015; OS: 59.1% vs. 58.1%, p=0.040). The best cut point of the resected lymph nodes count (RLNs) was determined as 13 in our study based on ROC curve and we had found that the 10-year DFS was significantly longer for RLNs >13 than for RLNs ≤13 (79.2% vs. 65.3%, p=0.048), but not in OS (p=0.061). Table 2 and Fig. 2) were predictive of better long-term survival in patients with pathological T1N0 ESCC.
Relationships between inflammation-based prognostic scores and clinicopathological variables
The relationships between GPS, CAR and clinicopathological variables were described in Table  3 . Only the distribution of age was found statistically difference between the elevated and low CAR groups (≤0.023/>0.023, p=0.014). The population distribution based on PI score (0/1-2) was completely consistent with the GPS (0/1-2) . Similarly, the majority of these patients who were set into low CAR group (≤0.023) were also set into PI score 0 and GPS 0 group (72 of 75, 96.0%). In addition, the correlation analysis indicated that the two GPS (0/1-2) groups were positively associated with the levels of serum CRP, NLR, PLR and CAR (all p<0.050). And the above correlations were also observed between the two CAR groups (≤0.023/>0.023, all p<0.050, except for p=0.054 for PLR levels). 
CRP to albumin ratio(CAR) (mean± SD)
0.012± 0.006 0.098± 0.151 0.000* ---GPS, Glasgow prognostic score; CAR, CRP to albumin ratio; SD, standard deviation. *the p value was considered as significantly difference in statistic because of less than 0.050.
Discussion
Inflammation had been documented as a part of the normal but complex biological response to sterile cell death or foreign infection since the origination of available medical history, which could remove or neutralize injurious material and activate healing and regeneration. As time went on, the potential correlation between leukocytes invasion and tumors had been firstly observed by Rudolf Virchow in the mid-19th century. Since then, more and more mechanism studies have clarified that tumorassociated inflammatory response play a critical role in the initiation, promotion, malignant conversion, invasion and metastasis of varies malignant solid tumor development [12] . When the progression or metastasis of malignancies occurred, the inflammatory cytokines, such as interleukin 1 (IL-1), interleukin 6 (IL-6), chemokines, NF-κB etc, were secreted by tumor-infiltrating lymphocytes or tumor cells, which could promote the immunity and hematopoietic system, including neutrophils, lymphocytes, CRP, platelets etc. Thus the elevated levels or ratios of inflammatory cells could be predictive factors for recurrence after therapy and cancer-related death and the prognostic values for many malignancies had been elaborated elsewhere [13] [14] [15] [16] .
The elevated serum CRP level had been reported only once as a significant prognostic parameter for 5-year survival in early stage ESCC patients (T1-2N0) by Zheng-Bo Song et al [17] . However, in our retrospective analysis, the single parameter lost the prognostic ability for long-term survival in stage T1N0 ESCC patients. As previous elaboration, the serum CRP level could not only reflect host acute-phase inflammatory response, but also associated with the nutrition status. In other words, the malnutrition status could weaken systemic inflammatory response leading to low serum CRP level [18] . Thus the inflammatory response protein (such as CRP) combining with systemic nutrition status, especially albumin, may be more sensitive marker for prognosis. The Glasgow prognostic score (GPS), which could evaluate inflammatory and nutrition status simultaneously, was firstly reported as prognostic factor for inoperable non-small cell lung cancer by Forrest et al in 2003 and the prognostic value had been proved in early, advanced or non-selected stage cancer by many literature review and meta-analysis [15] . As previous studies, the patients who were classified into the group of score 2 were limited (only 1 case in this study) [19, 20] . Xiao-li Wei et al, Xiao-ling Xu et al and G. Jomrich et al had reported that high GPS (1-2) was not significantly associated with shorter OS in non-selected or resectable ESCC patients, but, multivariate analysis identified that GPS (0/1-2) was the independent prognostic factor for 10-year OS among stage T1N0 ESCC in our study [20] [21] [22] , which was in accordance with the result from N. Hirahara et al among elderly ESCC patients (age≥70 years) [19] . In 2007, the first study in colon and rectal cancer from McMillan DC et al indicated that the modified GPS (mGPS) was significantly associated with overall survival [23] . However, the novel mGPS in predicting survival for ESCC still needs to be verified in selected or large cohort and the value has not been established by previous studies [20, 21, 24] . In this study, the population distribution based on mGPS (0/1/2) was completely consistent with the GPS (0/1/2) and thus the prognostic value was still unclear. The summary of these relevant studies are showed in supplementary table (Table S1 ) [25] [26] [27] .
In 2015, a novel inflammation-based prognostic score-the CRP/Alb ratio (CAR)-was introduced by Kinoshita et al in non-selected hepatocellular carcinoma patients and they had proved that its prognostic ability could be comparable to mGPS and better than NLR [28] . In the same year, Xiao-ling Xu et al and Xiao-li Wei et al had explored the prognostic value of CAR in operable and non-selected ESCC patients, respectively and the area under the curve (AUC) values of the CAR was proved higher than the other inflammation-based prognostic scores at 12 months, 24 months, and 36 months [20, 21] , which was consistent with our analysis [21] . In addition, similar to the above mentioned reports, the novel but promising CAR has been identified as an independent prognostic factor for OS in our study by multivariate analysis as well [29, 30] . The summary of these relevant studies are showed in supplementary table (Table S2) .
In our study, we had found that the elevated CAR was only connected with elderly patients (p=0.014), but no significant correlation was observed between GPS (0/1-2) and clinicopathological features, which was not in agreement with the previous findings in ESCC [19] [20] [21] 31] . It is probably because the tumor stage was specific T1N0 in our cohort, but non-selected in previous literatures. What's more, Pearson's correlation indicated that the GPS and CAR level were significantly associated with the PI score (r=0.931, p<0.000 and r=0.356, p<0.000; respectively) and the levels of serum CRP (r=0.432, p<0.000 and r=0.989, p<0.000; respectively), NLR (r=0.218, p=0.006 and r=0.183, p=0.021; respectively), PLR (r=0.165, p=0.037 and r=0.082, p=0.300; respectively). The two indexes may absorb the prognostic values of all other inflammation-based prognostic scores and show a combined prognostic ability. In addition, the AUC was 0.658 for GPS (95%CI: 0.564-0.752, p=0.002) and 0.617 for CAR (95%CI: 0.525-0.709, p=0.025, Fig. 1 ). Thus, to stage T1N0 ESCC patients who underwent esophagectomy, we recommend the preoperative GPS and CAR as predicative markers for OS and the predicative value of GPS, which could be well standardized, was slightly superior to the CAR.
A recent meta-analysis, which included seven retrospective, observational, cohort studies involving 1540 patients with EC, had found that the NLR and PLR were independently predictive factors for poorer survival [31] . However, in other two retrospective analysis of the same year from Xiao-li Wei et al and Xiao-ling Xu et al (the number of enrolled cases all more than 400), this tendency was not observed in ESCC [20, 21] . Similarly, the preoperative NLR and PLR also lacked the prognostic ability for DFS or OS in patients with stage T1N0 ESCC in our study (p= 0.235 and 0.126, respectively), but which was completely inconsistent with Xuan Xie's study in early stage ESCC (only 43 patients) [32] . The inconsistent findings in present studies may be attributed to following reasons:
Firstly, to these patients with early stage tumors, host may withstand a mild inflammatory burden leading to overall low NLR and PLR. For instance, the best cut-off values of NLR (1.976) and PLR (103.2) in our stage T1N0 ESCC patients were smaller than the previous EC cohort with non-selected stages (range of NLR cut-off: 2.0-5.0, range of PLR cut-off: 103.0-163.8) [20, 21, 31] . Secondly, up to date, the best cut-off values of these ratios were varies in published reports, which may weaken the clinical application and prognostic ability in EC with different stages, length of tumor, depth of tumor invasion, and lymph node metastasis etc [19, 31] . In the meta-analysis conducted by Paramanathan A et al, the NLR cut-off of 5 showed significantly poorer survival with less heterogeneity in solid tumor [33] . Obviously, the optional NLR cut-off with less heterogeneity in ESCC has yet to be evaluated well, which need to verified in multicenter, lager cohort studies.
Thirdly, a lot of inflammation-related disease, such as non-alcoholic fatty liver disease, metabolic syndrome, essential hypertension, infection etc, and premedication may affect the level of NLR and PLR [34, 35] . Fifthly, the time interval of these patients who were enrolled in this study was from January 2005 to December 2012 (8 years). During this long period, much progress has been made in peripheral blood cells count, thus the selection bias may be unavoidable. [36] . The last four were also the limitations of this retrospective analysis.
A simultaneously combination of CRP and white cell count in the prognostic index (PI), which is another readily available and well standardized prognostic scores like with (m/HS-m)GPS, has been confirmed as predictive marker for survival in lung cancer and colorectal cancer [37, 38] . However, no study is available regarding the prognostic role of PI in ESCC up to now and we showed for the first time. Even though the AUC values of the PI (0.650, 95%CI: 0.557-0.744, p=0.004, Fig. 2 ) was higher than the other inflammation-based prognostic scores in this study, but it was not significantly predicative value for RFS or OS in ESCC (or at least in stage T1N0) by multivariate analysis. Thus, the negative findings will prompt us to explore the prognostic value of PI in a larger prospective cohort with different stages ESCC.
In conclusion, our study determined the preoperative GPS and CAR as simple, inexpensive, readily available predictor for long-term survival in stage T1N0 ESCC patients who underwent esophagectomy. To these patients with high GPS or elevated CAR, endoscopic resection (ER) may not suitable and postoperative adjuvant chemotherapy may be considered.
